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Abstract 
Hybrid systems are gaining momentum for remote areas as they can lower the cost of electricity 
by integrating with existing diesel/liquid fuel generation. This report will outline the 
assumptions used to compare multiple remote Australian electricity generators in order to make 
it easy to replicate similar models for the future. Comparing various different locations will 
help to predict how the uptake of hybrid diesel/solar/battery systems could change in the future. 
This is significant, as it will clarify some of the constraints that are holding back smaller diesel 
generators from integrating renewable technologies. Simulating multi-year, hour-by-hour 
weather and energy demand data through a hybrid modelling software called HOMER, will 
indicate the lowest cost energy mix under different scenarios. It will give an indication of 
whether some off-grid communities are more desirable investment opportunities than others, 
but is not a concrete prediction. The assumptions made in this report were sometimes necessary 
in the absence of real life data. Accurate energy consumption data could reduce some bias and 
improve the accuracy of the predictions.  
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1. Introduction
1.1 Purpose of project 
Separate to large pushes by state governments for their own renewable energy targets, the 
uptake of renewable energy has largely come from the private sector. This is because many 
renewable technologies have the potential to lower costs to the asset owner over their lifetime. 
A large upfront capital cost of a solar panel, battery and inverter can be justified by lower 
spending on electricity bills in subsequent years. While this gap in savings is not a big 
investment return for the average household with solar power, it can be quite sizeable in remote 
areas. The findings of this report aim to further elaborate on the cost saving potential of 
renewable technologies in parts of off-grid Australia.  
Hybrid systems are gaining momentum for remote areas as they can lower the cost of electricity 
by integrating with existing diesel/liquid fuel generation. Solar, wind or batteries can be added 
to an existing diesel generator to produce a proportion of the energy load, reducing the demand 
on the diesel generator. By lowering the energy produced by the diesel generator, less diesel 
fuel is used and maintenance costs are lowered. This produces savings that can justify the large 
capital payments needed to integrate the renewable technologies. Price volatility and supply 
constraints on diesel fuel has furthered the argument for the transition to hybrid systems. 
Whether these types of systems can be used in multiple types of applications is still an area of 
uncertainty. Larger, more fuel dependent generators are obvious investment choices but there 
is a large market for smaller hybrid systems if they are proved to be financially feasible.   
1.2 Background - State of market 
Off-grid renewable electricity is a relatively underdeveloped and un-explored market. There is 
currently more than 1.2GW of installed diesel generation capacity in off-grid systems, 
generating for mine sites and communities at a cost of between $240-$450/MWh (excluding 
sunk costs of capital) (AECOM Australia Pty Ltd, 2014, p. 16). Unpredictable fuel costs for the 
future and a widely demonstrated reduction in the cost of solar PV have shown there already 
exists substantial incentive for investment in off-grid renewable projects. With a majority of 
the capital costs for diesel already locked in, this report will aim to demonstrate some of the 
sites in Australia that will greatly benefit from a transition to hybrid generation technologies. 
To counter some of the risk associated with renewable investment, mature renewable 
technologies have been favoured over developing or under-deployed technologies. While there 
is a great potential for large-scale generation of renewable power from solar thermal, a 
technology that has seen little commercial or experimental practice in Australia. With the 
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 gradual deployment, experience cost reductions and growth in confidence from both investors 
and consumers; it may be a long time before solar thermal technologies catch up.  
A number of indigenous communities in the Kimberley region of WA have been highlighted 
as needing important upgrades to their power supply systems (AECOM Australia Pty Ltd, 
2014, p. 58). “Recent consultations indicated that Power and Water Corporation, Horizon 
Power, Ergon Energy and the South Australian Government are all interested in cost 
effective renewable energy options to offset diesel in remote communities” (AECOM 
Australia Pty Ltd, 2014, p. 73). Due to the remoteness of these communities, they must be 
reliable enough to reduce the logistics and service requirements needed. Communities in this 
area, as well as the Barkley region near Tennant Creek/Alice Springs, will be compared 
against other sites to determine which would be the best cases for renewable investment.  
In addition to a community analysis, three different mining locations across regional Western 
Australia will be modelled to determine whether any of them are better investment options than 
the others. Different modelling assumptions and reliability on diesel in these areas could allow 
much larger scale uptakes of renewables if the return on the investment is substantial. Budgets 
in the mining communities are constrained enough as it is, meaning the feasibility of renewables 
is much more scrutinised.  
1.3 Guidance for reader 
This report aims to further the understanding of the factors effecting the uptake of renewable 
energy in Australia. Comparing projects beyond the base-case (current scenario) will identify 
the risks and opportunities for future investment. Two very distinct energy users have been 
identified as the focus for further investigation: small remote communities and small-medium 
remote mining operations. By the end of this report, it will be clear what are the conditions 
required by each of these two consumers/markets to move to renewable energy options. 
This report will outline the assumptions used to compare multiple remote Australian 
communities in order to make it easy to replicate similar models for the future. Comparing 
various different locations will help to predict how the uptake of hybrid diesel/solar/battery 
systems could change in the future. A schematic of what a hybrid system looks like is provided 
in Figure 13. The software used to compare these locations is HOMER. A comparison of other 
hybrid modelling software’s can be found in section 2.1 and a guide to replicating the models 
used in this report can be found in the Methodology section.  
It is also important to note the distinction between the installed capacity of renewable energies 
and their energy outputs. The uptake of renewable technologies can be measured both by the 
6 
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amount of power they are capable of producing, measured in Watts (W)/kilowatts (kW), and 
the energy output of the system, measured in watt-hours (Wh)/ kilowatt-hours (kWh). A solar 
panel is capable of producing its maximum capacity at any one time yet the sum of how long 
it operates at this level, or below, will dictate its energy output. A solar panel of a certain 
capacity will produce more energy if it is direct sunlight for longer. Locations that are more 
tropical may have higher solar radiation yet will be subject to more cloudier days.  
1.4  Summary 
This report will use existing literature and past funding models to evaluate sites using their 
unique geographical and meteorological data. It is expected that certain capacity sizes will find 
it easier to upgrade to micro-grid like systems but beyond a certain size it may become difficult 
to rely on the intermittency of renewables to offset diesel use. A sensitivity analysis will also 
determine the level of risk and uncertainty of the feasibility of different sites. 
Weather data was found for a few regional/remote towns that are near off-grid diesel generators. 
The actual diesel generators, used to power real communities and mine sites, were not in the 
immediate geographical vicinity of where the weather data was available. While site-specific 
weather and load data could improve accuracy and predictions, it was determined that the solar 
resource data would be a close enough approximation for the conditions 200km or so nearby. 
This meant that wind resource data and thus wind turbines could not realistically be relied on 
to model the best energy mixes in these communities. Only solar/diesel/battery hybrid systems 
were considered in this model, as has been the case in many past models.  
Mechanical Engineering Thesis 
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2. Literature review
2.1 Simulation Modelling - HOMER 
Bernal – Agustin and Dufo-Lopez, 2009, point out that HOMER is the most used optimisation 
software for hybrid systems purely because of its ability to simulate multiple different 
technology configurations (José L. Bernal-Agustín, 2009, p. 2115) (Sunanda Sinha, 2014, p. 
197). Developed by NREL (National Renewable Energy Laboratory, USA), it is available to 
download and use free of charge, making it desirable for companies and research. It can model 
up to 1-minute weather and load data although 1 hour is the most typically used (HOMER 
Energy, 2016) (HOMER Energy, 2016).  
There are limitations to using HOMER that Sinha and Chandel point out in their 2014 paper 
which reviewed 19 different hybrid renewable energy systems. While some of these issues have 
recently been integrated into new versions of the software, which is updated very frequently, 
there are some control strategies missing (Sunanda Sinha, 2014, p. 194). This is because 
although it is a 2014 paper, Sinha and Chandel have only chosen to review a version of HOMER 
from November 2010. Ameen et al noted in their 2015 paper of simplified simulation models 
of Solar/diesel/ battery systems that a limitation of HOMER was that it was difficult to model 
an exact configuration (Ammar Mohammed Ameen, 2015, p. 321). This is because HOMER 
optimises what the best energy mix/power capacities are, given the technologies available. It is 
not a software that is useful for finding the economic feasibility of a particular mix; e.g. if there 
is an existing system of 260kW diesel, 40kW of PV and a certain battery bank.  
HYBRID2 is an alternative modelling software, developed by the Renewable Energy Research 
Laboratory (RERL) at the University of Massachusetts. There are much more advanced control 
strategies built into the model that make it slightly more advanced than HOMER. NREL, the 
makers of HOMER, recommend optimising the system with HOMER and then using 
HYBRID2 to improve the design. It is also available to download for free yet it is not suitable 
on windows systems older than windows XP, as noted by Shina and Chandel 2014. It is also 
able to handle different voltage BUS’s, which is an advantage over HOMER (Sunanda Sinha, 
2014, p. 194). 
Overall, the appeal of HOMER, over 18 other available hybrid modelling software, is that it is 
widely used and performs optimisation and sensitivity analysis both easily and quickly 
(Sunanda Sinha, 2014, p. 203). More reports that can test and build on the control strategies 
used in different HOMER models will increase the knowledge and ease of use of the 
technology, leading to more successful renewable energy projects. Other modelling software’s 
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might be useful for research but HOMER is an industry standard with practical applications. 
With over 150,000 current users in 193 countries, HOMER Pro is a clear leader in its field 
(HOMER Energy, 2016).  
2.2 Consumer Types 
This report aims to build on previous community simulation models that have been developed 
through HOMER in order to outline opportunities for renewable energy investment. The energy 
usage patterns between the two different consumer types are the key to integrating renewable 
energy as the timing of energy demand needs to best match that of renewable energy 
availability. An accurate assumption of energy demand profiles, i.e. the energy consumed at 
each hour of the day, is difficult without real-time data.  
Paper 139 from the Solar ’97: “Sustainable Energy” conference by Schmidt and 
Patterson focuses on the benefits of load management on a hybrid electric energy system in 
the remote town of Wutunugurra, NT (also known as Epenarra). In their submission, a typical 
load profile was given for 9/5/1996 (Schmidt, 1997, p. 2). The daily dispatched energy in 
autumn and winter averages 260kWh, whereas in spring and summer the consumed energy 
is 1.5 times as high. 1996’s average daily energy consumption was 330kWh. According to 
the Northern Territory Government Power and Water Corporation (PWC), Wutunugurra’s 
annual energy consumption was 0.7GWh or 1,918 kWh/day on average (Power and Water 
Corporation (PWC), 2014, p. 11). This is significantly higher than that first assumed in 
Schmidt and Patterson’s model, but the assumption that the summer and spring load is 1.5 
times higher than the winter and autumn load will add a seasonal element to the model.  
Variability is another important factor to consider in the building of a synthetic load 
profile. While the load will follow a general daily shape, the size of time-step, i.e. hourly, 
changes as well due to daily changes are different. 15% hourly load variability is the most 
common used assumption in the HOMER report (Ashourian, et al., 2013, p. 38), (Abdilahia, 
et al., 2014, p. 1050), (Muyiwa S. Adaramola, 2014, p. 73). Although variability might be 
reduced for a mining site, due to better scheduling of energy intensive operations, this is still a 
reasonable assumption for hourly variations. Where literature does diverge is the variability of 
day-to-day variability. While Ngan, 2012 assumes 5% variable for both timestep and daily, 
15%, 20% and 25% are all figures that are used in building synthetic load profiles 
(Ashourian, et al., 2013, p. 38), (Abdilahia, et al., 2014, p. 1050), (Muyiwa S. Adaramola, 
2014, p. 73) (Ngan, 2012, p. 636). In order to make the optimal system more reliable, the upper 
daily variability of 25% will ensure 
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that the energy supply will be able to handle a more dynamic load. To best reflect the optimal 
system, real-time load data should be used before a project is finalised.  
Actual load data would greatly improve the accuracy and legitimacy of the simulation model, 
as was the case for Soberanis et al’s hybrid model of a remote Canadian mining facility. An 
industry partner was able to provide average consumption data for the specific facility that was 
modelled (M.A. Escalante Soberanis, 2015, p. 510). To create a daily load profile they decided 
to use the HOMER database for an industry template and then scaled the monthly consumption 
averages according to the industry partner’s data. Unfortunately, as no real life data was found, 
the mining load profile was taken as the standard industry template on HOMER, with the same 
variability and reserve conditions as the consumer case.  
The availability of weather/resource data was limited to a select number of remote/regional 
Australian locations. Hourly Global Horizontal Irradiance (GHI), Direct Normal Irradiance 
(DNI) and temperature were available from the 2009 catalogue of Australian Hourly 
Temperature, Humidity and Pressure Data produced by the Australian Bureau of Meteorology 
(Australian Bureau of Meteorology, 2009). HOMER was then able to produce a clearness index 
from the GPS coordinates of the site to add variability. As further discussed in section 3.2, these 
locations were only considered if they were close to existing diesel generators. The fault of this 
source was that the most current weather information for the key sites varied by year. The most 
current full- year data for Alice Springs was 2000, Halls Creek was 2012, Kalgoorlie was 2011, 
Newman was 2006 and Tennant Creek was 2010. That means a different year was used for the 
weather resource availability for each location. That is a significant enough period to experience 
different El Nino or drought conditions. As more up to date information from the Bureau of 
Meteorology was costly, this was the best that could be done with the data available.  
2.3 Technology 
2.3.1 Diesel Generator 
The sites that are considered in this model already use diesel generation. This means that the 
capital cost of the diesel genset’s will be $0. This assumption allows HOMER to size the base-
case diesel capacity (i.e. kW, MW) to be the lowest cost over the life of the project.  
In order to ensure that the diesel assets are managed cost-effectively over the life of the project, 
minimum runtime and minimum load ratio assumptions are important. In their feasibility report 
for the Lord Howe Island project, Pollington et al assumes Genset minimum runtime at 30 
minutes and Genset minimum load at 44% as that is the current best practice control setting for 
their current diesel generation asset (David Pollington, 2015, p. 44). Further literature have also 
11 
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assumed these diesel control settings for very small systems (<1MW). Shaahid and El-Amin, 
2009  select a minimum diesel load ratio of 40% while Ngan, 2012 selects a minimum diesel 
load ratio of 30% based off the widely cited 2007 paper of PV/diesel/battery simulation model 
by Shaadid and Elhadidy (Ngan, 2012, p. 637) (S.M. Shaahid M. E., 2007, p. 1802) (S.M. 
Shaahid I. E.-A., 2009).  
In order to maintain constant electricity supply the model also allows for assumptions of reserve 
generation capacity.  One practice to use is to have enough operating reserve to meet the 
variability in the current hourly time step as well as a percentage of annual peak demand. 
Adaramola et al, 2014 assume a 10% hourly spinning reserve is sufficient for their system as 
well as 25% of the current renewable energy output (Muyiwa S. Adaramola, 2014). This 
assumption is also used for the Lord Howe Island project and various HOMER simulations in 
international countries (David Pollington, 2015, p. 84) (Lanre Olatomiwa, 2015, p. 442). This 
ensures that if cloud cover reduces PV output, there will still be enough diesel power to ensure 
supply to the consumer is constant.  
2.3.2 Solar PV System 
This report will aim to improve upon the learnings and assumptions made through past HOMER 
modelling reports for an Australian context. There are limited resources available for building 
a model of a hybrid system for use in Australia. This provides a gap in knowledge about costing 
variables necessary for the analysis of projects. Adaramola et al, 2014 authored a highly cited 
assessment of off-grid PV solar-diesel power systems for use in Nigeria that assumed capital 
costs of different technologies would be similar to those advertised on local market watch 
website (Muyiwa S. Adaramola, 2014). Similar websites exist in Australia due to the 
competition in the industry of PV panels, inverters and batteries; making up-to-date market 
prices easily accessible. Solarchoice contains regularly updated prices and specifications of 
over 100 solar installation companies in Australia and records the average prices of different 
sized systems across Australian capital cities.  
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Figure 1: Solar Choice comparison of PV systems, (Solarchoice, 2016) 
Figure 2: Solar Choice Average system prices, (Solarchoice, 2016) 
Figure 1 and Figure 2 only account for the whole up-front costs of the PV systems but 
accommodates Federal incentives towards the Renewable energy target as of July 2016 
(Solarchoice, 2016). The prices do not account for additional installation costs or work 
necessary to prepare the area for the new system.  
The prices advertised on (Solarchoice, 2016) are only indicative for Australian capital cities 
and not the remote locations that this report will analyse. In order to factor in the remoteness of 
these project sites, this report will include an additional remoteness index to the prices as 
previously used by AECOM’s Lam and Christiansen in their investigation of co-locating solar 
and wind farms. Lam and Christiansen assigned cost premiums to sites that lay within each of 
ABS’s defined Remoteness classifications (ABS, 2014) (Christiansen & Lam, 2016, p. 32.). 
This will help correct the transport costs and additional logistical components needed to 
13 
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organise the parts needed for these remote projects. Christiansen & Lam assigned an 
additional 2% premium for projects within Indigenous protected areas and national parks 
due to the potential increase in stakeholder communications and approval processes. This is 
an important factor to consider as the majority of remote small-scale diesel generators are 
used to provide power to Indigenous Australian communities. Adaramola et al. assumes that 
the fixed capital costs are about 5% extra for small-scale hybrid projects, however this cost 
premium assumption should account for any extra contingencies (Muyiwa S. Adaramola, 
2014, p. 76). (H. Rezzouk, 2015, p. 1138) estimates a factor of 2.5 for their purchase costs, 
import taxes and transportation costs for their capital multiplier in their model. This model, as 
well as the factor of 2 used by (M.A. Escalante Soberanis, 2015, p. 515), are all for remote 
off-grid operations in countries with a small market for renewable energy technologies. 
Australia already has an abundance of PV suppliers, which makes the market and the cost of 
PV very affordable.  
Table 1: Remoteness index, adapted from Christiansen & Lam, 2016 Remoten ss index (ABS, 
2014) 
Cost Premium
(Christiansen & 
Lam, 2016, p. 32) 
Inner regional Australia                         0%
Outer regional Australia                         8%
Remote Australia 14% 
Very remote Australia  20% 
A typical rule of thumb for solar-diesel projects is to ensure that solar capacity is below 30-
35% of demand, in order to reduce voltage fluctuations and intermittency problems associated 
with swapping between batteries and diesel. While several ARENA projects are investing in 
smart control systems, cloud tracking technology and quick start-up diesel generators, 35% is 
a common maximum. In their evaluation of diesel generators in South Australia, (IT Power 
Australia, 2013, p. 21) worked this into their HOMER model by capping the solar to be sized 
to provide “30 to 35% of the minimum midday demand with no batteries and the diesel plant 
operating continuously.” HOMER issues a warning when the PV capacity rate is more than 
35% at any one time. In their report for the Lord Howe Island project, (David Pollington, 2015, 
p. 84) justifies that solar power output should only cover a maximum of 25% due to the
assessment of the resource variability but wind power should be limited to 50% of output as it 
is more reliable. Blum, 2013 recommends a 25% PV limit on Battery/diesel/PV off-grid system 
to maximise the cost saving of the PV and to preserve diesel assets (Nicola U. Blum, 2013, p. 
493).  
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2.3.3 Battery System 
Due to serious degradation effects when full cycling batteries a minimum state of charge is a 
necessary control strategy to improve the life of the batteries modelled. This will ensure that 
the batteries modelled will last much longer and will improve their cost-efficiency. A minimum 
state of charge (SOC) is a control setting used in past reports to extend the life of the batteries 
used. An extended life improves the economic feasibility of a battery as it is less likely to 
degrade before its presumed actual life. A 40% minimum state of charge (SOC) is the widely 
used assumption for a hybrid diesel/solar/battery model in HOMER (Abdilahia, et al., 2014, 
p. 1054) (Stefano Mandelli, 2016, p. 483) (S.M. Shaahid I. E.-A., 2009, p. 629) (S.M. Shaahid 
M. E., 2007, p. 1802). 
The model considered for the community hybrid model is based on past Solar PV/diesel/
battery HOMER models. Smaller batteries are used in order to provide smaller 
battery bank configurations to simulate. Larger batteries may have better throughput and 
capacity but will not be considered for this report because they do not meet low-cost criteria 
needed for the small systems considered. (S.M. Shaahid I. E.-A., 2009, p. 629), (Muyiwa S. 
Adaramola, 2014, p. 76) and (Abdilahia, et al., 2014, p. 1054) all continue the assumption 
made by (Ngan, 2012, p. 638) to model their battery banks using the Surrette 6CS25P, with a 
6V nominal voltage and 6.94kW nominal capacity. Ngan, 2012 prices one single cell battery 
at US$1229 (Ngan, 2012, p. 637). Using the same commercial availability approach as 
(Muyiwa S. Adaramola, 2014) to simulate a commercially available product, the Surrette 
6CS25P costs $1,170/unit through a US Wholesale Solar website (Wholesale Solar, 2016). 
In order to model the 48V DC battery banks that these reports modelled 8 x 6V batteries 
needed to be combined. Soberanis et al used a Trojan L16P battery bank in their model of 
an off-grid mining community yet does not indicate the capital cost or search space used 
(M.A. Escalante Soberanis, 2015, p. 512). A Trojan series 6V battery could approximate the 
Surette batteries though its nominal capacity is slightly less and cheaper. This was sourced 
from Wholesale Solar for $US385 (Wholesale Solar, 2016). Soberanis et al also needed to 
factor in import costs as the battery modelled was not available in the area considered. They 
estimated that the price would be double that reported on wholesale solar after import duties 
and currency exchanges was completed. For application in remote Australia, it will be 
assumed that the batteries cost $925 per battery when also factoring in the remoteness index. 
This may make the batteries quite expensive but they are still much cheaper than those 
available to household solar.  
HOMER is able to model different types of battery usage strategies: Load Following (LF) 
and cycle-charging (CC). Cycle charging (CC) mechanism means that when a battery 
reaches its 14 
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minimum state of charge, the generator will charge the battery until it reaches a set-point state 
of charge (SOC). This ensures that the load on the generator is high enough to guarantee 
battery efficiencies and the battery life is extended by avoiding deep discharge cycles 
(Abdilahia, et al., 2014, p. 1054). If no battery is chosen then it is irrelevant which charging 
method is used. Load Following (LF) will not be considered as a battery control strategy as it 
was found to not be the lowest cost strategy in preliminary testing.  
HOMER is a great tool for analysing different technology configurations. It simulates different 
sample sizes of batteries until it finds the lowest cost option. The hybrid systems considered are 
not solely supplied by the output from their battery bank due to both minimum diesel load 
control strategies and the two Load Following and Cycle-charging strategies. This means that 
the search space of optimal battery configurations do not need to include battery bank sizes as 
large as the peak load in order to reduce simulation time. Shaahid and El-Amin, 2009 modelled 
their battery bank search space system to simulate 0-100 minutes of autonomous battery usage 
(S.M. Shaahid I. E.-A., 2009, p. 630). They used this similar method in their 2007 HOMER 
model, modelling 0-6 hours of autonomous battery usage (S.M. Shaahid M. E., 2007, p. 1801). 
That equated to 0 – 793 batteries, using battery bank sizes of 8. In order to accommodate this 
assumption for the different sized average loads, the same search space will be used in order to 
supply 0-100 mins of the largest average daily energy consumption. If a community site is sized 
at 1MWh/day, 2MWh/day or 3MWh/day the battery bank search space will be ranged from 0 
mins – 100 mins of the 3MWh/day load (i.e. 0kWh – 208kWh). 
2.3.4 Inverter System 
Plenty of past literature have failed to go into much detail about their assumptions for the 
inverter/energy converter system. It is an important component of a hybrid system as it converts 
the DC power supply into an AC output to the consumers. As discussed previously, HOMER’s 
downside is its ability to model multiple output voltages. The only inverter figures that are 
needed are the costs, efficiency and lifetime of the system. Wholesale solar is a website that has 
been used in international modelling reports in Canada and Nigeria to quote current industry 
prices of solar batteries and inverters. Abdilahia et al chose an 8kW US$512 power converter 
with the same replacement cost and negligible maintenance costs (Abdilahia, et al., 2014, p. 
1053) (Wholesale Solar, 2016). Using the same import penalty for the solar battery and the 
remoteness index bring the inverter to a final cost of $1,200 for 8kW.  
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2.4 Financial Parameters 
2.4.1 Discount and inflation rate 
In order to equate future cash flows across the length of a project, a discount rate equates 
future earnings into a present value. A low discount rate means that future earnings are similar 
in value to those earned now, while future earnings are less valuable under a high discount rate. 
A project that delivers the majority of its earnings in the last few periods of the project life 
will be less desirable than a project that can deliver positive cash flows early on. 
Hybridisation of diesel generation with renewable energy are made financially feasible as 
money that is spent on installing renewable technologies, such as solar panels, are justified 
by lower diesel costs and maintenance of generators.  
There are wide ranges of discount rates that are used in simulations with HOMER from 
the 12% assumption made by Jacobs Engineering group, in their analysis of the Lord 
Howe hybridisation project (David Pollington, 2015, p. 97), to 6% used in sustainable energy 
projects in the developing world (Stefano Mandelli, 2016, p. 484) (Daniel O. Akinyele, 2016, 
p. 269). This is an important assumption and can have more of an influence than the 
availability of a renewable resource as was pointed out by Ondraczek et al (Janosch 
Ondraczek, 2015, p. 889). While Ondraczek et al. do not give a suggestion for which 
discount rate best applies to Australia, a range of 5-10% was suggested to be typical for 
most developed countries with high solar resources and 12+% for debt-constrained countries.  
2.4.2 Fuel Price 
The cost of regional and remote diesel fuel is typically much higher than the average retail price 
of fuel in Australian capital cities. While diesel consumption for power generation is not subject 
to the $0.396/L fuel excise tax, the price in regional Australia is still quite high and volatile as 
can be seen from Figure 3and Figure 4 below (Australian Taxation Office, 2016). These graphs 
indicate the weekly diesel fuel price in regional Northern territory and Western Australia over 
the last 40 weeks (Australian Institute of Petroleum, 2016), (Australian Institute of Petroleum, 
2016). In the Northern Territory, removing the fuel excise rebate, indicates a fluctuation of 
almost $0.8/L - $1/L for the cost of fuel for community power operations in 2016 alone.  
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Figure 3: Western Australia Regional Average Diesel Price - 40 week history (Australian Institute of 
Petroleum, 2016) 
Figure 4: Northern Territory Regional Average Diesel Price - 40 week history (Australian Institute of 
Petroleum, 2016) 
Mining companies are not as exposed to this volatility due to their ability to buy in bulk and the 
financial power to hedge against the export price by buying futures. The company Metals X is 
a great example of this practice, and was considered in the preparation of this model because 
of its diesel generation assets at its Higginsville gold project in the Kalgoorlie region. In their 
first quarter report for 2016 their diesel hedging coverage was secured between AUD$95 and a 
minimum of AUD$75 per barrel of 10ppm Diesel, ($0.6/L – $0.47/L). Their forward curve 
prediction was also for AUD$70 a barrel ($0.44/L) for the first quarter of 2016 (Metals X 
Limited, 2016, p. 14). This forward price, i.e. guaranteed price that they would pay for their 
10,000 barrels a month, was then updated to AUD$80 a barrel ($0.5/L) in the second quarter of 
2016 (Metals X Limited, 2016, p. 17). This shows that although mining operations can secure 
a lower price for diesel, there still is a risk of volatility. 
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3. Methodology
This report will evaluate current diesel generators in order to assess opportunities for investment 
in Australia’s off-grid renewable energy market. Generators of different load profiles and 
operating capacities (e.g kW, MW) were assessed from publicly available data. This was 
completed with the widely used HOMER (Hybrid Optimisation of Multiple Electric 
Renewables) simulation software. As there was no available model for off-grid Australian sites, 
one had to first be created by comparing assumptions from past literature and feasibility reports. 
This will help to narrow the scope for investment by comparing which markets, i.e. 
industrial/mining operations and small communities, have the most desirable projects.     
The assumptions made to create the model for comparing off-grid Australian sites are outlined 
in this section as well as an explanation of how to recreate it. This is important as there is little 
assistance in past, publicly available literature for how to replicate models. This aims to help 
the analysis of hybrid energy projects and provide an overview of the current opportunities for 
investment.  
3.1 Simulation Modelling - HOMER 
HOMER was chosen to simulate different electricity mixes in order to highlight the cost saving 
potential and financially sustainable investment in renewables. As most diesel generators in 
regional/rural Australia are government/privately owned this report will hope to assess 
opportunities for certain companies/groups to reduce their power costs by switching to 
renewables. The benefits of HOMER as a modelling software is that it is able to determine how 
much renewable technology can be added to existing diesel generation, and the reduction in 
cost as a result of the investment.  
HOMER simulates different sized configurations between the search space parameters until it 
finds an energy mix that minimises costs over the length of a project life. For example HOMER 
can determine how much solar PV can be added by setting a search space between 0-25% of 
the peak load (as was the assumption for this model). It can then test how the energy mix 
changes with variability of the input variables through a sensitivity analysis.  
Each different consumer case has been compared against the same economic criteria to evaluate 
the opportunities and factors effecting investment. HOMER allows different energy mixes to 
be financially compared against a base case scenario; which in this case is retaining diesel-only 
generation. Further comparison of other simulation software’s has been provided in section 2.1. 
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3.2 Consumer Load cases 
In order to assess the opportunities in different off-grid applications two different 
consumer types were assessed:  
 Off-grid, industrial/mining applications
 Off-grid, small community applications
Each Load case have different load profiles and times of the day where the penetration of 
renewables could be useful for displacing diesel power. Sites were only selected if they were 
geographically close to the sites where detailed weather data was available. Hourly, multi-year 
weather data were only available at the following remote/regional locations for consideration 
(Australian Bureau of Meteorology, 2009): 
 Alice Springs – NT
 Tennant Creek - NT
 Chinchilla – QLD
 Longreach - QLD
 Cobar - NSW
 Halls Creek – WA
 Newman – WA
 Kalgoorlie – WA
 Woomera - SA
The majority of these locations are not located far enough from gas and power transmission 
networks to necessitate the use of diesel generation for power. This report will focus solely on 
economically viable projects that are feasible through the cost reductions of lower diesel 
consumption. The sites considered for the different consumer types were chosen because they 
were reported to be near existing diesel generation assets.  
3.2.1 Community applications 
The majority of small-scale, off-grid communities consist of remote townships and Indigenous 
Australian communities. There are a significant number of Indigenous Australian communities 
situated in areas meteorologically similar to Darwin – NT. Unfortunately, no weather data was 
located to analyse these sites. This is one downside as some of the communities along the 
Northern Territory coast could be large enough to make hybrid projects feasible.  
There are multiple diesel dependent communities around Tennant Creek and Alice Springs in 
NT, and Halls Creek in WA. Several of the larger communities in the area have already 
converted to hybrid diesel generation and thus this report will focus on some of the smaller 
generation projects for the community consumer case.  
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Load profiles for these communities were selected using assumptions from modelling reports 
of similar small communities and the demand magnitudes scaled depending on the reported 
energy consumption averages in the communities considered.  
Figure 5 and Figure 7 shows how the different cases are scaled from the base load profile. The 
average energy consumptions were assumed to be 1.5 times higher in summer and spring than 
in winter and autumn. Figure 6 shows the seasonal load profile for the community case. 
Variability added by considering assumptions made in past models, both daily and hourly, allow 
for a more realistic demand curve. Figure 8 shows the HOMER variability input. Appendix A.2 
- Weather resource Data shows an example of the weather resource input tab in HOMER.
Figure 5: Community Daily Load Assumption - Base 
Figure 6: Seasonal load Profile - Summer and Spring/ Winter and Autumn 
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Figure 7: Energy Usage - Scale Input 
Figure 8: Energy Usage - Variability input 
Figure 9: Locations considered in community model 
3.2.2 Industrial/mining applications 
Mining operations have more uniform load demands due to processing facilities and 24-hour 
shift operations. The load profile used for simulating mining operations is shown in Figure 10. 
This load shape was assumed for each mining case and the average daily energy consumption 
(kWh/day) varied to simulate different scaled operations in each region. Actual load data is 
typically in confidence meaning that assumptions of load profile were necessary. The mining 
model was kept almost identical to the model built for community applications with the 
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exception of the base diesel price, load profile, average daily energy consumptions and 
optimisation ranges tested (due to larger systems). 
There are multiple large diesel generators in mine sites in the Pilbara region of WA, near 
Newman, and the Kimberley region of WA, near Halls Creek. Kalgoorlie – WA is also included 
to test modelling on a mining location in the southern half of Australia. There are diesel 
generators located at multiple gold mines in the Kalgoorlie region yet gas is more dominant. 
Woomera - SA was determined to be not close enough to the diesel generators used in a small 
number of South Australian mining operations. A map of the locations considered is shown in 
Figure 12. Appendix A.2 - Weather resource Data shows an example of the weather resource 
input tab in HOMER. 
Figure 10: Daily Load Profile - Mining 
Figure 11: Seasonal Load Profile - Mining 
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Figure 12: Locations considered in mining model
3.3 Energy Sources 
3.3.1 Overview 
In additional to the existing diesel generation, renewable energy can be provided from fixed-
axis solar photovoltaic (PV) panels and batteries. By setting the capital cost of one unit of diesel 
power to zero, e.g. 1kW for $0, HOMER will automatically choose the optimal diesel 
generating capacity to ensure constant supply and minimum cost of electricity. This is 
considered the ‘base case’ as if there was no hybridisation project then this would be the optimal 
diesel generation capacity.  
HOMER then simulates what the optimal energy mix will be for the given location and control 
settings, which are outlined in the sections below. Solar PV and batteries were chosen as the 
only source of renewable energy as the site-specific weather resource data is both more reliable 
for solar and there are plenty of other diesel/solar/battery systems to base a model off. Wind 
speeds could be different in areas surrounding the sites considered but the availability and 
strength of solar energy will be more or less the same.  
It was also decided that the solar PV would be modelled as having their own inverter, in order 
to reduce maintenance costs and increase the maximum optimal PV needed.  Instead the two 
batteries simulated will be connected to their own independent inverter, with no penalty on the 
system for excess energy generation. The overview schematic of the hybrid system tested is 
given in Figure 13. 
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 Table 2: Technical cost assumptions 
Capacity/Unit Capital Cost Replacement Cost O&M 
Diesel Generator 
1kW $0 $500 $0.03/hr 
Solar PV system 
10kW $17,280.00 $17,280.00 $100/year 
30kW $45,740.40 $45,740.40 $300/year 
50kW $76,555.20 $76,555.20 $500/year 
100kW $143,736.00 $143,736.00 $1,000/year 
Battery System – per battery 
Trojan – 6V, 7kWh $925 $925 $0 
Inverter 
8kW $1,200 $1,200 $0 
Figure 13: Energy Mix Schematic - Community Case 
3.3.2 Diesel Generator 
HOMER automatically sizes the diesel generator to be big enough to cover the demand as the 
capital cost is $0. This assumption allows HOMER to then model how an existing diesel 
generator can be complemented by renewable energy to lower costs. HOMER also 
automatically produces optimal fuel consumption and efficiency curves based on the maximum 
size required. These fuel curves have been provided for one of the community cases as an 
example in Figure 15. 
As the diesel generator is an existing asset it is assumed that every system will require it to be 
part of the energy mix. Some systems have been shown to be able to run on 100% renewable 
supply at times but past literature have all kept to the control setting of having a minimum load 
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ratio that is covered by the diesel generator. This means that the generator will never not 
be running, although maintenance costs, and diesel costs, will be reduced if renewable energy 
can feasibly replace diesel energy output.  
As there is existing diesel generation at the sites considered it is also assumed that there is 
adequate balance of systems to transport the electricity supply to the energy users. The costs 
assumed are provided in Table 2 above.  
Table 3: Diesel generator operating assumptions 
Diesel Genset Assumptions Value 
Minimum Load ratio 30% 
Lifetime 15,000.00 Hours 
Minimum Runtime 30 minutes 
Spinning Reserve – Load hourly Time-step 15% 
Spinning reserve – Solar output 25% 
Fuel Price – Base Case ($/L) 
Industrial/Mining application $0.4/L 
Community application $0.804/L 
Figure 14: HOMER - Generator Section 
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Figure 15: Figure 14: HOMER – Generator fuel curves used for community diesel generator (240kW 
system). 
3.3.3 PV system 
The generic solar PV panel was chosen as it is best represents the lowest cost option on the 
market.  The generic panel does not have size dimensions built into it so it runs the risk of 
underestimating the amount of land required. The assumptions used in both models is given 
below in Table 4 with the HOMER solar input tab given in Figure 16.  
Table 4: Solar PV technical assumptions 
Solar PV Assumptions Value 
Costs Cost Curve – as shown in Table 2 
Lifetime 25 years 
Derating Factor 90% 
Efficiency at standard test conditions 13% 
Ground reflectance 20% - Default 
Temperature effects on power (%/°C) -0.5
Nominal operating temperature 47°C 
Tracking system No tracking – fixed sloped 
Inverter included in solar system? Yes – Same as modelled in section 3.3.5 
Optimisation range (Star column shown in 
Figure 16) 
(0-25% of largest peak load modelled) 
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Figure 16: HOMER - Solar PV System Section 
Figure 17: Solar PV HOMER model - Inverter 
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Figure 18: Solar PV HOMER model - Advanced Input tab 
Figure 19: Solar PV HOMER model - Temperature tab 
3.3.4 Battery system 
The search space of sizes considered will also range from 0-100 minutes of autonomous battery 
use to service the average load. For a DC String voltage of 48V: 8 Trojan 6V batteries are 
needed. A converter was then sized to match the optimal battery configuration and convert the 
DC output into AC BUS. In order to have a lowest cost hybrid system, the DC to AC converters 
are modelled as separate for the PV system and battery rather than sharing the same system. 
The actual HOMER input tabs for the battery is given in Figure 20.   
Table 5: Battery - HOMER model assumptions - Trojan 7kWh 
Trojan Battery Assumptions Value 
Capital Costs $925 per battery 
Replacement Cost $925 per battery 
O&M $0 
Lifetime 10 years 
String size 8 batteries – 48 V DC 
Minimum State of Charge 40% 
Optimiser range 0 – 3 strings (0 – 24 batteries or 0 – 
168kWh) 
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Figure 20: HOMER - Battery Trojan Section 
3.3.5 Inverter 
The generic inverter is assumed able to supply an AC output to the mini-grid system. For the 
mining operations, any extra voltage steps needed for larger equipment are assumed to be 
outside the control of the battery converter and PV converter. Most of the control systems 
needed for this are assumed operational as the diesel generators are already in use. HOMER is 
unable to model the actual Voltage output needed for DC or AC, which as previously discussed 
in section 2.1 previously. The converter is only in charge of converting the battery DC output 
into AC as it is assumed that the PV system will have their own individual inverters. If a battery 
is not in the optimal mix then neither will the battery inverter.  
Table 6: Inverter - HOMER model assumptions 
Converter Assumptions Value 
Capital costs $500 per battery 
Replacement cost $500 per battery 
O&M $0 
Lifetime 25 years – under warranty 
Efficiency 93% 
String size 0 - 150kW 
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Figure 21: HOMER - Battery Inverter Section 
3.4 Financial Parameters 
The financial inputs for both community and mining applications have been chosen to remain 
constant, with the exception of the diesel price. While a mine site might prefer to have a shorter 
payback period to remain flexible to changes in commodity prices, it was simpler to keep the 
models relatively similar. The opportunity cost of diverting resources to non-essential activities 
are not considered but could be a significant factor against the uptake of low penetration hybrid 
systems in mining uses. The assumptions chosen for the two models are listed in Figure 22. 
Mechanical Engineering Thesis 
31 
Table 7 below as well as the HOMER input tab in Figure 22. 
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Table 7: Financial Parameter Assumptions 
Variable Assumption Value 
Community base diesel price $0.804/L – ($1.2/L before tax deduction) 
Mining base diesel price $0.4/L 
Discount rate 12% 
Inflation rate 2% 
Project Lifetime 20 years 
Figure 22: Homer Financial Assumptions Input Tab 
3.5 Sensitivity of Modelling Variables 
The factors that are holding back or could improve investment in renewables will be analysed 
through a sensitivity assessment. One of the strengths of HOMER is its ability to simulate full-
year operating conditions and compare changes in feasibility by altering one variable. This will 
be important for assessing how certain conditions will effect one consumer over another.  
The model for the community and industry model will test for sensitivities to the diesel price, 
Capital cost of PV, the discount rate (or time value of money) and the average daily energy 
consumption. This will help determine which types of sites will be the best cases for investment 
now or in the future, e.g. if the capital cost of PV falls by 10/20%. A reduction in capital costs 
of PV could be funded through government subsidies and thus a detailed sensitivity analysis 
can outline which types of projects would be the most affected.  
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Table 8: Ranges tested of sensitivity variables 
Sensitivity Variable Community variable 
range 
Mining variable range 
Diesel Price ($/L) 0.804, 0.904, 1.104, 1.204, 
1.304, 1.504 
0.4, 0.5, 0.6, 0.7, 0.8 
PV capital cost multiplier (*) 0.8, 0.9, 1.0, 1.1 0.8, 0.9, 1.0, 1.1 
Discount Rate 6, 8, 10, 12 6, 8, 10, 12 
Average daily energy 
consumption (kWh/day) 
1000, 2000, 3000 20000, 40000, 60000 
3.6 Unconsidered Factors 
There are many factors that were left out of this simulation model for simplicity or because it 
was difficult for HOMER to account for it. Extra costs, such as land acquisition, were not 
considered an issue mainly due to the remoteness of the areas considered. It was assumed that 
spare land would be widely available near existing diesel generators simply because they are 
noisy and likely to be on the edge of residential areas. This  might not be the case for the industry 
model, where Solar PV configurations of up to almost 2MW are being considered, but the 
model is still viable as a comparison tool. Further site specific Load data and variables would 
be needed before the viability of a project could be confirmed.  
Remoteness could also lead to troubles with the supply of labour, particularly during 
construction and the long-term maintenance of the systems. It was assumed that these costs 
would be consistent throughout the entire length of the project although there is an option to 
model variable costs across the life of the project.  
The social benefits of added employment and lower diesel dependency are also not considered 
as the model is based importantly on the private cost to the firm or owner of the diesel 
generation asset. While higher renewable capacities could be reached through government 
subsidies, it is important that projects are feasible on their own merits in the possibility that 
funding is scrapped. The benefits of increased renewable energy projects in the region could 
also lead to experience cost reductions that could make future projects even cheaper.  
Multiple renewable power sources (i.e. wind and solar) were also not considered, although they 
have been found to be economical thanks to government assistance. The reason for this is that 
the weather data is approximating sites that are around < 100km from the regional centres 
considered. Solar data is more reliable as intensity of solar energy will be very similar yet wind 
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data is harder to guarantee due to changes in topography. This also made it much easier to 
analyse data, as there was only one source of renewable energy.  
3.7 Analysis of data 
As hybrid projects are likely to be not economically viable at the base case assumptions, 
sensitivity analysis will be more valuable for comparing the sites considered. A multivariable 
linear regression model was completed to analyse the effects of sensitivity on the uptake of 
hybrid projects. It also made it possible to complete a threshold analysis of the average daily 
energy consumption needed to make a hybrid project viable at the base case assumptions. The 
regression model was a better approximation when there were more feasible hybrid projects, as 
was the case for the mining consumer cases.  
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4 Results 
4.1 Sensitivity analysis 
As the base-case energy mixes do not favour the uptake of renewable technologies, a sensitivity 
analysis can highlight what is required to transition to hybrid systems. With no battery 
technologies considered as the lowest cost option for energy generation, the optimal PV 
capacity is the best indication of the feasibility of renewable energy. HOMER’s data results tab 
is able to produce detailed surface plots to show the changes between the different sensitivity 
combinations.  
The variables included in the sensitivity analysis mainly focus on the important financial 
assumptions: discount rate, capital cost of solar PV and diesel fuel costs. Varying the daily 
average energy consumption also makes it easy to compare different sized 
generators/operations. When combined, a detailed sensitivity analysis will make the factors 
affecting financial investment in different sized communities clearer.  
4.1.1 Consumer Case – Optimal PV capacity 
In most of the consumer cases, the optimal energy mix consisted solely of diesel generation at 
the assumed economic constraints, seen as blue in surface plots in Table 9, Table 10 and Table 
11. Comparing how this optimal mix changes with different economic variables will indicate
which sites or projects are better investment decisions than others. 
To illustrate how this mix changes a surface plot mapping the optimal PV capacity for each site 
considered with varying discount rates (y axis) and diesel fuel prices (x axis). This will be 
analysed for three different daily energy consumption averages (1MWh, 2MWh and 3MWh) 
as well as three different relative pricing of the capital cost of the PV system (100%, 90%, 
80%). The different energy consumption types show the potential for investment for larger sized 
systems, where lower diesel consumptions can justify the investment costs. This is analysed 
further for the industrial case in section 4.1.2.  
Table 9, Table 10 and Table 11 show the optimal PV capacity for the three community sites 
considered. The optimal mixes of Solar PV/diesel are similar for both Tennant Creek and Alice 
Springs yet it is clear that Halls Creek is not as attractive for investment in renewable 
technologies. 
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Table 9: Sensitivity Analysis - Community - Alice Springs - Optimal PV capacity with Diesel 
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Table 10: Sensitivity Analysis – Community - Tennant Creek- Optimal PV capacity with Diesel 
PV 1MWh/day 2MWh/day 3MWh/day 
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Table 11: Sensitivity Analysis – Community - Halls Creek - Optimal PV capacity with Diesel 
PV 1MWh/day 2MWh/day 3MWh/day 
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4.1.2 Industrial /Mining Case – Optimal PV Capacity 
It was cheaper to generate excess electricity than store it in a battery bank for both the mining 
and community case. This means that the PV capacity is a great indication of the size of the 
project as it was the only renewable technology that was considered as financially feasible.  
To illustrate how this mix changes a surface plot mapping the optimal PV capacity for each site 
considered with varying discount rates (y axis) and diesel fuel prices (x axis). This will be 
analysed for three different daily energy consumption averages (20,000 MWh, 40,000 MWh 
and 60,000MWh) as well as three different relative pricing of the capital cost of the PV system 
(100%, 90%, 80%). The different energy consumption types show the potential for investment 
for larger sized systems, where lower diesel consumptions can justify the investment costs. 
Table 12, Table 13 and Table 14 show the optimal PV capacity for the three mining sites 
considered. While they were reasonably similar, there are some small differences between the 
m that are highlighted by the surface plots. 
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Table 12: Sensitivity Analysis – Mining - Halls Creek - Optimal PV capacity with Diesel 
PV 20MWh/day 40MWh/day 60MWh/day 
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Table 13: Sensitivity Analysis – Mining - Newman - Optimal PV capacity with Diesel 
PV 20MWh/day 40MWh/day 60MWh/day 
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Table 14: Sensitivity Analysis – Mining – Kalgoorlie - Optimal PV capacity with Diesel 
PV 20MWh/day 40MWh/day 60MWh/day 
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4.2 Best-Case Energy Mix 
As can be seen from the sensitivity graphs displayed for the six sites in Table 9, Table 10, Table 
11, Table 12, Table 13 and Table 14, the lowest cost energy mix at the base-case (top left 
of each graph) is diesel-only generation. Solar PV/diesel hybrid generation are not 
financially feasible alternatives for the sites and consumption sizes considered. Given that 
the assumed diesel price is very conservative for both the community and mining cases, if 
a demand is actually large enough to be viable at the base case then it should be a safe 
investment. In order to determine what this threshold consumption target is (i.e. how large 
does a community need to be to make it viable?) a linear regression has been created for 
each of the sites considered. The reason that a linear regression model was chosen is due to 
the linear looking nature of the transition to different sized systems in the sensitivity analysis 
graphs.  
4.2.1 Community Case 
Renewable energy technologies become economically feasible when switching to hybrid diesel 
systems adds value or have a positive present value. It is not useful to compare the energy mixes 
for one set of variables i.e. discount rate = 12%, fuel price = $0.8/L etc. as they are all subject 
to change over the length of the project. A base case project (existing diesel-only) is considered 
by HOMER to have a present worth of $0. By choosing the best present value of the two choices 
(base / diesel-only and hybrid), the financial characteristics of the three different sites can 
be compared.  
A regression model provides a numerical analysis of the suitability of the sites in addition to 
the graphical analysis provided in section Sensitivity analysis. This is used to compare 
how changes in one variable (i.e. Energy consumption and economies of scale) will affect the 
present value of choosing the project. For a discussion and analysis of the results below, see 
section 5.1. 
Equation 1: Present Worth Regression Formulae 
Present Worth ($) = 𝑎1 × Nominal Discount Rate (%) + 𝑎2 × PV Capital Cost Multiplier + 𝑎3 
× Diesel Fuel Price + 𝑎4 × Average Daily Energy Consumption (kWh/day) + 𝑎0 
If a coefficient is negative then an increase in the associated variable (i.e. Discount rate) will 
cause the present value of the project to decrease. If the magnitude of the coefficient is larger, 
the increase or decrease will be larger. This is important to see which sites are better 
investment decisions. As both the PV multiplier and Average energy consumption both 
only have one significant figure, the model coefficients have also been given to one 
significant figure. The 
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accuracy of the model could be improved by more extensive sensitivity analysis although, given 
the amount of data for the six locations considered, not to a large extent.  
The intercept - a0 was set to zero, as it is indicative of the base case. Without considering any 
of the variables, the decision would be to keep to the base case of having diesel-only generation, 
which would have a present worth of $0. 
Table 15: Community - Multi-Variable Regression Model 
Variables Coefficients Standard 
Error 
P-value
Alice Springs 
Intercept - 𝐚𝟎 0.000 
Nominal Discount Rate (%) - 𝐚𝟏 -3,000 300 1 E-26 
PV Capital Cost Multiplier - 𝐚𝟐 -20,000 4,000 1 E-09 
Diesel Fuel Price ($/L) - 𝐚𝟑 40,000 3,000 2 E-41 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
8 1 4 E-20 
Tennant Creek 
Intercept - 𝐚𝟎 0 
Nominal Discount Rate (%) - 𝐚𝟏 -3,000 300 1 E-25 
PV Capital Cost Multiplier - 𝐚𝟐 -20,000 4,000 2 E-09 
Diesel Fuel Price ($/L) - 𝐚𝟑 40,000 3,000 2 E-40 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
8 1 3 E-19 
Halls Creek 
Intercept - 𝐚𝟎 0 
Nominal Discount Rate (%) - 𝐚𝟏 - 800 100 5 E-12 
PV Capital Cost Multiplier - 𝐚𝟐 -7,000 2,000 2 E-05 
Diesel Fuel Price ($/L) - 𝐚𝟑 10,000 1,000 3 E-20 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
2 0 2 E-08 
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Table 16: Community - Regression Statistics 
Regression Statistics 
Variable Alice Springs Tennant Creek Halls Creek 
R Square 0.70 0.69 0.43 
Standard Error 10,000 10,000 5,000 
Observations 288 288 288 
Table 17: Community - Sensitivity Variable Correlation 
Correlation to 
dependent 
variable 
Nominal 
Discount 
Rate (%) 
PV Capital 
Cost 
Multiplier 
Diesel 
Fuel Price 
($/L) 
Average Daily 
Energy consumption 
(kWh/day) 
Alice Springs 
Present Worth ($) -0.4553 -0.2380 0.4865 0.3366 
Tennant Creek 
Present Worth ($) -0.4525 -0.2384 0.4822 0.3316 
Halls Creek 
Present Worth ($) -0.3619 -0.2217 0.3702 0.2394 
Discussion of these results and comparison of the other sites considered is given in section 
5.1. 
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4.2.2 Industrial/ Mining Case 
A similar linear regression model to that developed for the consumer case will help to determine 
the threshold average daily energy consumption (kWh) that will indicate a transition to hybrid 
solar/diesel systems. 
The base case scenario for the variables considered is only different to the community case with 
respect to the diesel fuel price. The base-case mining diesel fuel price was assumed to be $0.4/L. 
Table 18 shows the coefficients based on the same Equation 1 that was introduced in the 
previous section. A present worth of $0 indicates that the hybrid project creates no benefit to 
the generation asset owner.  
Table 18: Mining - Multi-Variable Regression Model 
Variables Coefficients Standard 
Error 
P-value
Halls Creek 
Intercept - 𝐚𝟎 0 
Nominal Discount Rate (%) - 𝐚𝟏 -100,000 7,000 2 E-43 
PV Capital Cost Multiplier - 𝐚𝟐 -700,000 100,000 5 E-13 
Diesel Fuel Price ($/L) -  𝐚𝟑 3,000,000 100,000 1 E-69 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
20 1 6 E-39 
Newman 
Intercept - 𝐚𝟎 0 
Nominal Discount Rate (%) - 𝐚𝟏 -100,000 7,000 8 E-43 
PV Capital Cost Multiplier - 𝐚𝟐 -700,000 100,000 7 E-13 
Diesel Fuel Price ($/L) - 𝐚𝟑 3,000,000 100,000 5 E-69 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
20 1 2 E-38 
Kalgoorlie 
Intercept - 𝐚𝟎 0 
Nominal Discount Rate (%) - 𝐚𝟏 -100,000 7,000 5 E-44 
PV Capital Cost Multiplier - 𝐚𝟐 -700,000 100,000 4 E-13 
Diesel Fuel Price ($/L) - 𝐚𝟑 3,000,000 100,000 2 E-70 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
20 1 5 E-41 
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Table 19: Mining - Regression Statistics 
Regression Statistics 
Variable Halls Creek Newman Kalgoorlie 
R Square 0.90 0.90 0.91 
Standard Error 300,000 300,000 300,000 
Observations 240 240 240 
Table 20: Mining - Sensitivity Variable Correlation 
Correlation to 
dependent 
variable 
Nominal 
Discount 
Rate (%) 
PV Capital 
Cost 
Multiplier 
Diesel 
Fuel Price 
($/L) 
Average Daily 
Energy consumption 
(kWh/day) 
Halls Creek 
Present Worth ($) -0.4793 -0.2011 0.6193 0.4110 
Newman 
Present Worth ($) -0.4787 -0.2016 0.6182 0.4099 
Kalgoorlie 
Present Worth ($) -0.4770 -0.1971 0.6179 0.4228 
These results are further discussed in section 5.2. 
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5. Discussion
5.1 Community Case 
The sensitivity tables for the community cases: Table 9, Table 10 and Table 11, show the 
optimal size of Solar PV power that could be installed as a hybrid system to lower the cost of 
electricity. At the assumed base case price of diesel - $0.804/L, testing found there to be no 
optimal hybrid diesel/solar systems for a small community in Halls Creek. Even for operators 
that have a low discount rate for the present value of money, like a fiscally flexible government, 
and with an 80% PV capital cost. This is likely due to the clearness index of Halls Creek 
compared to Tennant Creek and Alice Springs. As it is almost the same latitude as Cairns, there 
are more cloudy days than the inland sites.  
This analysis shows that small-scale hybrid systems are not quite economically feasible for use 
in areas like Halls Creek, which is interesting given the large solar projects that are operational 
in Kununurra (300km+ north of Halls). The economies of scale effect can make places of Halls 
Creek more desirable, as is likely the case in Kununurra where the population is much larger. 
The analysis of the industry case for Halls Creek, although with a flat load curve, shows that 
hybrid systems are feasible at larger loads. Further expanded sensitivity analysis could show 
what this minimum energy consumption would need to be to make it viable.  
Table 21: Regression comparison - Community cases 
Regression Variables Alice Springs 
- Coefficients
Tennant Creek 
-Coefficients
Halls   Creek 
-Coefficients
Intercept - 𝐚𝟎 0.000 0 0 
Nominal Discount Rate (%) - 𝐚𝟏 -3,000 -3,000 -800
PV Capital Cost Multiplier - 𝐚𝟐 -20,000 -20,000 -7,000
Diesel Fuel Price ($/L) 𝐚𝟑 40,000 40,000 10,000 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
8 8 2 
The sensitivity to changes in the considered variables for Halls Creek are much lower in 
magnitude than the other two sites as there are less hybrid projects that are financially feasible. 
In the output data for HOMER’s case comparison, the two options are grouped, i.e. diesel and 
hybrid. If the present value of the hybrid system is higher than 0; it is accepted. If it is less than 
0; then diesel-only generation is preferred. An example of this best-case comparison is given in 
Appendix B.1 (p61) and Appendix B.2 (p61).With less feasible points; it is harder to model the 
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changes in project sizes against the sensitivity variables. This is shown for the industrial/mining 
case, where more hybrid project feasibility points greatly improve the accuracy of the regression 
model to an r-squared of around 0.9.  
The threshold average energy consumption needed to have a financially feasible project at the 
given base case assumptions are relatively similar for all the community sites. Table 22 shows 
that this breakeven point is about the size of the largest community considered, which was 
shown as false through individual sites comparison in section 4.1.1. The problem with this 
model is the significance of the input values for the PV capital cost multiplier and the average 
daily energy consumption. One significant figure is not accurate enough to describe the 
relationship between the sites, although it still does somewhat give an idea of the size of 
community that could be large enough for a hybrid project to be feasible. The standard error 
was also very high for both the community and mining cases (the ± error term).  
Threshold daily average energy consumption to make present value of hybrid project greater 
than $0 for all other base case assumptions is given in below.  
Table 22: Threshold community energy consumption averages 
Threshold Value Alice Springs Tennant Creek Halls Creek 
Average energy consumption 
(kWh/day) 
2,980 ± 1,250 2,980 ± 1,250 4,280 ± 2,500 
A few different remote indigenous communities fit within these size descriptions. Two 
communities outside of Alice Springs with average daily energy consumptions of 12MWh/day 
and 10MWh/day have current hybrid projects already (Power and Water Corporation (PWC), 
2014, p. 11). There are several more that are slightly too small to take the risk, yet if energy 
demand continues to grow in these communities then there are plenty of immediate options for 
investment in renewables. Communities near the two best community locations considered, 
Alice Springs and Tennant Creek, are indicated below in Table 23 and Table 24. 
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Table 23: Potential community, hybrid project locations - Barkly region - Tennant creek - (Power and 
Water Corporation (PWC), 2014, p. 11) 
Location Yearly reported 
consumption – 2014 
Daily average consumption 
(kWh/day) – taken from 
yearly reported  
Possible current investment options 
Alpurrurulam 2 GWh/yr 5,500 kWh/day 
Future possible investment options 
Willowra 1 GWh/yr 2,740 kWh/day 
Canteen Creek 0.7 GWh/yr 1,920 kWh/day 
Wutunugurra 0.7 GWh/yr 1,920 kWh/day 
Figure 23: Potential Sites for Hybrid Projects near Tennant Creek 
While these sites are located within the Barkly region, some are a long way from the location 
that was actually modelled. Alpurrurulam, the largest energy consuming, diesel-reliant 
indigenous community in the area is closer to Mount Isa than to Tennant Creek. It is hard to 
justify that the Tennant Creek community hybrid analysis can be applied to a community 600km 
away. The two closest sites of diesel-only generators to Tennant Creek, Canteen Creek and 
Wutunugurra, are probably just not large enough to justify their suitability for a hybrid system. 
Mechanical Engineering Thesis 
51 
Table 24: Potential community, hybrid project locations - Southern NT - Alice Springs - (Power and 
Water Corporation (PWC), 2014, p. 11) 
Location Yearly reported 
consumption – 2014 
Daily average consumption 
(kWh/day) – taken from 
yearly reported  
Current hybrid project 
Yuendumu 4.5 GWh/yr 12,000 kWh/day 
Hermannsburg 3.7 GWh/yr 10,000 kWh/day 
Possible current investment options 
Kintore 1.9 GWh/yr 5,200 kWh/day 
Papunya 1.6 GWh/yr 4,400 kWh/day 
Kaltukatjara 1.4 GWh/yr 3,800 kWh/day 
Future possible investment options 
Nyirripi 1 GWh/yr 3,180 kWh/day 
Laramba 0.9 GWh/yr 2,460  kWh/day 
Ikuntji/ Haasts Bluff 0.7 GWh/yr 1,920 kWh/day 
Figure 24: Potential Sites for Hybrid Projects near Alice Springs 
There are many more options near Alice Springs than Tennant Creek as discussed above. While 
Kaltukatjara and Kintore are probably just as far away from Alice Springs as Alpurrurulam was 
to Tennant Creek, the community of Papunya is reasonably close enough to be able to compare 
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it. It is also unlikely that accurate weather data would be available for a fair number of these 
communities so this might be the best indication of their feasibility.  
Figure 25: Current Hybrid Projects near Alice Springs 
5.2 Industrial/Mining case 
The regression model built for the mining cases ended up being more similar than expected. 
The effect of clearness of the weather data, given the large differences in latitude, were not as 
significant as was seen in the community cases. Again, low significant figures in the input 
variables made it difficult to build an accurate model. A larger domain of independent variables 
would also be an improvement although as there were more feasible hybrid points the model 
was much more accurate (r-squared all around 0.9 – see Table 19). 
Table 25: Regression comparison - Mining cases 
Regression Variables Halls   Creek - 
Coefficients 
Newman  -
Coefficients 
Kalgoorlie -
Coefficients 
Intercept - 𝐚𝟎 0 0 0 
Nominal Discount Rate (%) - 𝐚𝟏 -100,000 -100,000 -100,000
PV Capital Cost Multiplier - 𝐚𝟐 -700,000 -700,000 -700,000
Diesel Fuel Price ($/L) 𝐚𝟑 3,000,000 3,000,000 3,000,000 
Average Daily Energy 
consumption (kWh/day) - 𝐚𝟒
20 20 20 
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For all the different mining sites considered, the surface plots showed that the base case 
assumptions (top left corner and 100% PV costs) was very close to being feasible for the 
40-60MWh/day graphs. It looks like that a $0.05/L increase in the cost of fuel immediately 
makes a hybrid system the lowest cost option, on a magnitude of 200kW+ of solar PV. A 
threshold analysis of the regression model, below in Table 26, attempts to develop an 
understanding of the size of energy consumption needed to breakeven at the base-case 
assumptions. Threshold daily average energy consumption to make present value of hybrid 
project greater than $0 for all other base case assumptions are given below.  
Table 26: Threshold mining energy consumption averages 
Threshold Value Halls Creek Newman Kalgoorlie 
Average energy 
consumption (kWh/day) 
35,000 ± 15,000 35,000 ± 15,000 35,000 ± 15,000 
While the linear regression model was a good approximation of the data for each of the three 
mining locations, there still remained a significant amount of error in the threshold testing. The 
threshold testing predicted that hybrid energy projects would start becoming feasible for sites 
greater than 20,000-50,000 kWh. This represents a significant majority of the market for small-
medium sized diesel generators used in mining operations. Yet it can be seen from the 
sensitivity plots in section 4.1.2 that hybrid systems are only just feasible slightly either side of 
the base case (top-left of each graph).  
Diesel fuel price and the discount rate seem to have a bigger impact of whether hybrid projects 
are feasible. While larger energy consumptions lead to a greater uptake in the capacity of PV, 
the initial transition point to hybrids will come from a lower discount rate or higher fuel prices. 
As was discussed in section 2.4.2, fuel hedging puts the price of diesel anywhere between 
$0.47/L - $0.6/L up until 2018 if they secure the price as at the second quarter of 2016. A base 
diesel price of $0.5/L will mean an optimal solar PV capacity of 280kW for the 40kWh/day site 
and 480kW for the 60kWh/day site for Halls Creek. A very slight increase in the base-case 
diesel fuel price now indicates that a diesel/solar hybrid system will provide the lowest cost 
electricity over the life of the project. A downside of the HOMER software is that you cannot 
test the sensitivity of one particular energy mix to changes in the diesel price. If 480kW of Solar 
PV was integrated for a 60kWh/day site near Halls Creek, HOMER not will compare the change 
in the present worth of that particular mix as the diesel price changes. Rather it will indicate 
what the lowest cost energy mix is at each particular sensitivity point.  
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5.3 Battery Usage 
As there was no economic penalty applied to excess electricity generation, the model found that 
it was cheaper to have more Solar PV output and diesel generation than to have a battery bank 
to store energy. The systems that were modelled are quite small in terms of capacity for the 
community systems: smaller than 250kW. Too much excess power could be quite dangerous 
for the longevity of the system as there is no storage in place. This assumption wasn’t explicitly 
defined in past reports but is still a vital part of the model. Adding an excess generation penalty, 
($/kWh) could make battery storage more affordable.  
Modelling the PV system as having its own inverters also reduced the economic feasibility of 
battery usage. Through initial testing of the model, it was found that having 
independent inverters increased the overall uptake of renewable energy. For small systems, it 
may be cheaper to have smaller micro-inverters that only need to handle one input and one 
output, compared with a larger inverter that needs to control both PV and Battery outputs.  
5.4 Failures in the model 
The model developed for the mining consumption case was too similar to the community case. 
Unfortunately, this was due to a lack of information about operating practices of different 
remote mining operations in Australia. The post mining-boom slump has caused increased 
competitiveness between companies and their detailed operating procedures are in confidence. 
This was even found to be the case for several government-owned energy providers, with the 
exception of the Northern Territory Power and Water Corporation. Accuracy is important for 
the evaluation of investment decisions yet in the absence of more detailed information, the 
model that has been developed is satisfactory for comparing trends. Collaborating with a 
number of different diesel generators to gain real operational data could better 
communicate investment opportunities. 
Using weather data from different years for each location could have also introduced bias 
when comparing the feasibility of different sites. HOMER is unable to take weather 
information from multiple years to build a more consistent base for modelling the weather 
conditions over the life of a project. Someone could build an argument against proceeding 
with a project by using weather data from a year that had consistent rain and cloud cover 
during periods of peak electricity demand. Averaging multiple years of weather data would 
be a more consistent way of analysing the sites. The database of weather information that was 
used did have weather data for 3 years for each of the locations, with some gaps larger than 10 
years apart. Averaging these 3 years of weather resource data could help reduce some of 
the bias that might have been introduced.   
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6. Conclusion
6.1 Recommendations 
HOMER is also unable to take weather information from multiple years to build a more 
consistent base for modelling the weather conditions over the life of a project. Averaging 
multiple years of weather data might help reduce some bias but it could also underestimate the 
number of cloudy days. Using the same year for comparing each of the sites would be the best 
way of eliminating bias. Weather data that is closest to the decade average could also help 
eliminate bias. In addition to better quality weather data, real hourly or minute-to-minute load 
data would be a great addition for improving the accuracy of the model.  
Adding an excess generation penalty, ($/kWh) could make battery storage more affordable. 
There might also be an added benefit of reducing the strain on the control system or inverters 
that is not accounted for by HOMER.  
Increased accuracy of the sensitivity variables will improve the model – i.e. average 
consumptions improved to 1,500 kWh/day and PV changes to 0.95. 1.05, 0.85. Higher 
significant figures and more detailed sensitivity analysis would lead to a more accurate linear 
regression and surface plot analysis. However, with the six locations considered in this report, 
the amount of data produced was large enough as it is. This is probably only best done for 
individual site analysis or comparison of two particular locations of interest.  
6.2 Summary 
This report has identified how hybrid Diesel/Solar energy assets may become financially 
feasible for different remote Australian applications. As the focus was on the lowest-cost energy 
mix, batteries were not included in any of the optimal energy mix. It was found to be cheaper 
to generate in excess of the energy that was consumed, as there was no penalty.  
Diesel-only systems will continue to be the optimal energy mix for small communities up to a 
size of around 3,000kWh/day of energy consumed. However, they are very sensitive to the price 
of diesel fuel, which could make slightly smaller sized communities be considered for 
renewable integration in the near future. As the state government runs the supply of electricity 
to these remote communities, it is up to them to justify what the benchmark benefit would need 
to invest in hybrid projects. If they are constrained by how much they can spend then their 
discount rate will be higher; leading to higher paybacks required before the upfront costs can 
be promised. This model did not add in any form of social benefit that could be created, such 
as bringing employment opportunities to remote areas. 
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The comparison of off-grid communities and mining operations would be better improved 
from detailed load data. While it might be difficult to negotiate with such a large 
group of stakeholders, further discussion could be completed on individual areas rather 
than remote Australia as a whole. Without accurate wind resource data it was impossible to 
include wind turbines in the energy mix and then compare the possibilities for 
investment. While an additional technology would make a detailed analysis more time 
consuming, the cost saving potential of wind energy should not be ignored. The extensive 
hybrid projects that use both diesel/solar/battery/wind configurations, while heavily 
subsidised by the government, improve the course towards a more renewable off-grid 
Australia.  
This analysis would not have been possible without the free trial package that was 
available from HOMER. I would like to acknowledge that all findings of this report are 
purely for academic and indicative purposes.  
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Appendix 
Appendix A – HOMER Modelling information 
Appendix A.1 – Community Case Assumptions 
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 Appendix A.2 - Weather resource Data 
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Appendix B – Data Analysis 
Appendix B.1 – Alice Springs comparison example raw data. (Before Best case is selected) 
Sensitivity/ 
Nominal Discount 
Rate (%) 
Sensitivity/ 
PV Capital 
Cost 
Multiplier (*) 
Sensitivity/ 
Diesel Fuel 
Price ($/L) 
Sensitivity - 
Energy 
consumption 
Compare 
Economics/ 
Present Worth 
($) 
10 0.8 0.804 1000 0 
10 0.8 0.804 1000 -2455.8
12 0.8 0.804 1000 0 
12 0.8 0.804 1000 -2498.93
6 0.8 0.804 1000 583.7901 
6 0.8 0.804 1000 0 
8 0.8 0.804 1000 0 
8 0.8 0.804 1000 -2392.55
10 0.9 0.804 1000 0 
10 0.9 0.804 1000 -2780.45
12 0.9 0.804 1000 0 
12 0.9 0.804 1000 -2823.58
6 0.9 0.804 1000 0 
6 0.9 0.804 1000 -1791.33
8 0.9 0.804 1000 0 
8 0.9 0.804 1000 -2717.2
Appendix B.2 – Alice Springs comparison example. (After Best case is selected) 
Sensitivity/ 
Nominal Discount 
Rate (%) 
Sensitivity / 
PV Capital 
Cost 
Multiplier (*) 
Sensitivity/ 
Diesel Fuel 
Price ($/L) 
Sensitivity - 
Energy 
consumption 
Compare 
Economics/ 
Present Worth ($) 
10 0.8 0.804 1000 0 
12 0.8 0.804 1000 0 
6 0.8 0.804 1000 583.7901 
8 0.8 0.804 1000 0 
10 0.9 0.804 1000 0 
12 0.9 0.804 1000 0 
6 0.9 0.804 1000 0 
8 0.9 0.804 1000 0 
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